Native mass spectrometry has been applied extensively to analyze membrane proteins in detergent solutions. In Chorev et al. (1) , Robinson and co-workers describe a technical breakthrough that enables proteins and complexes to be ionized directly from their native membrane environments. They present examples from bacterial and mitochondrial biology, and propose that physiologically relevant insights can be obtained. Here, we investigate the claims Robinson and co-workers have made from their analyses of mitochondrial membranes.
Robinson and co-workers (1) assigned masses of 809 and 782 kDa to complex I, a 975-kDa enzyme with known composition and structure (2) (3) (4) . To match their masses to two fragments of complex I, they summed masses of subsets of the enzyme's subunits, then augmented the combined masses with the masses of substrates and phospholipids, to thus rationalize the measured values. We thank the authors for publishing an erratum to their manuscript to correct many errors in the subunit masses used in their original calculations. Although minor inaccuracies still remain (see table S1), they do not affect the subunit compositions of the two revised fragments proposed in the erratum. Nonetheless, as Fig. 1 shows, these two revised complex I fragments do not constitute functional or physiologically relevant forms of the enzyme. Furthermore, by using a flexible combinatorial approach to calculating masses, it is possible to rationalize any mass value, and so there is little direct evidence to support the claim that the two observed masses arise from complex I at all.
For complex III, two masses of 169 and 339 kDa were assigned to the monomeric and dimeric states. However, complex III is a 468-kDa functional dimer in which the Rieske subunit in each monomer acts across the dimer interface in the other monomer (5) . In other words, monomers are neither functional nor native. Here, the subunit masses used by Robinson and co-workers largely agree with published data (6) , although the masses of some cofactors and posttranslational modifications were omitted (see table  S2 ). Then, subunits were subtracted to provide a fit between measured and expected masses but without clear rationale, resulting in structurally impossible fragments (see Fig. 1 ). Therefore, without additional evidence, the assignment of these fragments to complex III must be questioned.
For complex IV, two incorrect isoforms were used (the correct isoforms in heart are COX6A2 and COX7A1) and cofactors and modifications were again omitted (see table  S3 ). However, the calculated mass, including one cardiolipin and one phospholipid, is within error of the 208-kDa mass assigned to the monomeric form. A mass twice as big was assigned to the dimeric form, but it was not specified and so we cannot evaluate this assignment. However, the existence of dimeric complex IV in the membrane is disputed, and previous results from Robinson's group indicate that about six tightly bound phospholipids or cardiolipins are required to stabilize the dimer interface (7) .
Many of the masses used by Robinson and co-workers did not agree with the experimentally determined masses of the subunits of ATP synthase (2) but, by good fortune, they obtained a value close to the correct total of 583 kDa (see table S4 ). By comparison to an observed mass of 581 kDa, they propose that mammalian ATP synthase exists as a monomer. However, it is well established in a large number of species that native ATP synthase is a dimeric complex that is localized in long rows of dimers along the tips of cris- tae, defining their ultrastructure (8) . Furthermore, the mass assigned to monomeric ATP synthase contains no contributions from bound phospholipids or cardiolipins. It is especially remarkable that no lipids occupy the internal cavity of the c 8 -ring in the enzyme's rotor, detected previously by Robinson and co-workers in purified c-rings (9) .
Robinson and co-workers assigned masses to monomeric and dimeric species of adenine nucleotide translocase (ANT1). However, their expected mass of 33,187 Da is incorrect. Amino acid sequencing and mass spectrometry have shown that native ANT1 lacks Met 1 , has an acetylated Ser 2 and trimethylated Lys 52 , and is not succinylated (10, 11) . The correct mass (32,921 Da) does not match the measured mass (33,195 Da) within experimental error, and no control experiments with tight-binding inhibitors were performed to confirm the assignment. Moreover, the observed mass does not account for the three tightly bound cardiolipins (37,271 Da) that stabilize the native carrier by bridging its domains and cannot be removed even by extensive detergent washes (12) . The monomer has all the elements required for function, and there is no robust experimental evidence that it forms dimers (13) . To transport adenine nucleotides, ANT1 cycles back and forth between cytoplasmic and matrix states, both of which have been characterized structurally (12, 14) , showing profound changes in shape that are incompatible with a stable dimerization interface.
Robinson and co-workers provide no confirmatory evidence for any of their assignments of masses to proteins and protein complexes. This inadequacy is especially evident in cases where measured masses do not match expected masses; to rationalize the data, the authors adjusted the expected masses by poorly justified subtractions of subunits and/or additions of modifications, substrates, and phospholipids. But even if the mass assignments of Robinson and coworkers had been confirmed, they would only have demonstrated that their methods have torn complexes I and III apart, broken the functional ATP synthase dimer, and removed tightly bound cardiolipins from ANT1. Thus, their methods are not more mild than detergent extraction-a procedure that has supported extensive, long-standing and sophisticated structural, biochemical, and physiologically relevant studies on all these systems. The harsh and inadequately described pretreatments of the membranes devised by Robinson and co-workers have not been validated for their ability to retain either native structure or function of protein complexes, and, together with the ionization processes applied, they have damaged the proteins extracted from the membranes. Therefore, the work of Robinson and co-workers does not define the native states of any of the extensively characterized proteins present in mitochondria, and offers no new insights into mitochondrial biology.
